After contradictory findings from a number of previous studies, behavioral risk factors for Kaposi's sarcoma were examined in a case-control study of 202 people diagnosed with acquired immunodeficiency syndrome (AIDS) in 1991-1993 in Sydney, Australia. Cases comprised 67 men who developed Kaposi's sarcoma at or after a diagnosis of acquired immunodeficiency syndrome, and controls were 135 people who did not have Kaposi's sarcoma at the time of diagnosis of acquired immunodeficiency syndrome or during follow-up until 1995. Men who developed Kaposi's sarcoma were more likely to report having a history of sexually transmissible diseases and having engaged more frequently than controls in a number of sexual practices with casual partners in the period before they became aware of their human immunodeficiency virus (HIV) infection. However, the only sexual practice reported significantly more often by cases at the 0.05 significance level was insertive oroanal contact with casual partners (odds ratio = 2.6, 95 percent confidence interval 1.3-5.3). This association was not present for insertive oroanal contact with regular partners or for insertive oroanal contact after subjects became aware of their HIV infection. The relation was present both in men who had Kaposi's sarcoma at the time of interview and in those who developed It later. The relation was not affected by adjustment for time of HIV infection and diagnosis or for other sexual practices. These results can be interpreted as supporting the hypothesis that Kaposi's sarcoma in people with HIV is caused by an infectious agent transmitted by oral contact with feces. Am J Epidemiol 1997; 145:673-9. acquired immunodeficiency syndrome; feces; HIV; homosexuality, male; sarcoma, Kaposi's; sex behavior; sexually transmitted diseases
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The epidemiology of Kaposi's sarcoma in people with human immunodeficiency (HTV) infection suggests that a sexually transmitted agent is involved in its causation. Acquired immunodeficiency syndrome (AJDS)-associated Kaposi's sarcoma in Western coun-tries is much more common in homosexual men than in other people with AIDS, and in homosexual men, the disease is more common in those who report a history of sexually transmissible diseases (1) . Although Kaposi's sarcoma in women with HTV infection is infrequent, it is most common in those who report sexual contact with a bisexual man (2) . Recently, a new human herpesvirus detected by molecular techniques in Kaposi's sarcoma tissue has been postulated as the cause of Kaposi's sarcoma (3), but there is little known about the route of transmission of this agent, which has been tentatively termed KSHV (Kaposi's sarcoma-associated herpesvirus). Seroepidemiologic studies suggest that KSHV is not ubiquitous and is sexually transmitted (4) . However, the much higher seroprevalence of KSHV in homosexual men than in heterosexual attenders at a sexually transmissible disease clinic suggests that there are independent risk factors for KSHV infection associated with male homosexual practice. Although Kaposi's sarcoma risk has been linked to oroanal sexual contact in some studies (5) (6) (7) , other studies of this relation have been negative (8) (9) (10) (11) (12) . Fecal-oral transmission of the Kaposi's sarcoma agent could explain the high incidence of Kaposi's sarcoma in homosexual men, through oroanal sexual contact, as well as in heterosexuals in Africa, where fecal-oral transmission of disease may result from poor sanitation.
Faced with conflicting results about sexual contacts in relation to AIDS-associated Kaposi's sarcoma, we conducted a case-control study. In particular, we examined the role of specific sexual behaviors with both casual and regular partners in specific time intervals before the diagnosis of AIDS as risk factors for development of Kaposi's sarcoma in people with HTV infection.
MATERIALS AND METHODS
Doctors in Sydney, Australia, who registered a case of newly diagnosed AIDS to the state health department between February 1991 and March 1993 were invited to refer the patient for interview. For those patients who agreed to participate, information about sexual practices with regular and casual partners was sought by an interviewer-administered questionnaire for three specific time periods before the diagnosis of AIDS. Period one was defined as the interval from 1980 until the most likely time of HTV acquisition, period two was from presumed HTV acquisition to the time of first HTV-related symptoms, and period three was from the appearance of symptoms to diagnosis of AIDS. The most likely time of HTV acquisition was defined by the patient after discussion with the interviewer and was based on seroconversion symptoms, reported high-risk sexual contact with a person with HTV or AIDS, or sexual contact with a person at high risk of HTV infection. HTV-related symptoms recorded included all Centers for Disease Control and Prevention category B symptomatic conditions, including unexplained constitutional symptoms. A diagnosis of AIDS was made if the person had an AIDS indicator condition as defined in the 1993 revision of the AIDS classification system (13) . Insertive oroanal contact was defined in colloquial terms ("rimming" or "roseleafing") and was further described as licking the anus of a sexual partner for those few subjects who were not familiar with the colloquial terms. Casual partners were defined as sexual partners with whom the subject had had sex on only a few occasions or over a period of a week or less. The interviewer was not aware of any hypothesized relation between sexual activity and the risk of Kaposi's sarcoma. Patients were also questioned about their history of sexually transmissible diseases. Patients without Kaposi's sarcoma at AIDS diagnosis were followed until death or 1995 by medical record review to assess whether Kaposi's sarcoma had developed. Subjects who ever developed Kaposi's sarcoma were compared with those who never did by using a case-control approach. Univariate analyses were performed separately for sexual practices with both casual and regular partners for each of the three time periods. Possible confounding between sexual behavior variables and with history of sexually transmitted diseases was addressed using multiple logistic regression.
RESULTS
During the study period, 654 people in Sydney were diagnosed with AIDS. Interviews were completed with 202 (31 percent), of whom 201 were male. The most common reasons for nonparticipation were lack of response from the participating doctor (142 people, 31 percent of nonparticipants), death or severe illness of the person with AIDS (103 people, 23 percent), delay in AIDS reporting (94 people, 21 percent), and declining of the interview (43 patients, 10 percent). There were other reasons for refusal for the remaining 70 patients. Nonparticipants did not differ from participants with respect to age at diagnosis of AIDS (39 years in both groups) or proportion with Kaposi's sarcoma at diagnosis of AIDS (16 percent in both groups), but were more likely to report homosexual contact (96 percent of participants compared with 85 percent of nonparticipants).
Kaposi's sarcoma was the initial AIDS diagnosis for 32 men. Follow-up data on incidence of Kaposi's sarcoma were available for 165 of the 170 people who did not have Kaposi's sarcoma at diagnosis of AIDS. Of this group, a further 35 men developed Kaposi's sarcoma at a median of 32 weeks after AIDS diagnosis. A total of 67 (33 percent) participants therefore developed Kaposi's sarcoma at some time, and 135 were not known to have developed Kaposi's sarcoma, including 79 people who died without Kaposi's sarcoma (median of 61 weeks after AIDS diagnosis) and 51 who were still alive without Kaposi's sarcoma at the end of follow-up (median of 76.5 weeks after AIDS diagnosis).
Of participants, 193 (96 percent) reported homosexual contact. The median length of the time periods one, two, and three (see Materials and Methods) was similar in men who developed Kaposi's sarcoma and people who did not (72 and 79 months, respectively, in period one, 49 and 48 months in period 2, and 8 and 6 months in period three). The median month of HTV diagnosis was January 1986 in those who developed Kaposi's sarcoma and January 1987 in those who did not (p = 0.12, Wilcoxon rank sum test). In those subjects who provided an estimate of the most likely year when they acquired HTV infection, the median was 1985 in those who developed Kaposi's sarcoma and 1984 in those who did not (p = 0.23).
A history of sexually transmitted diseases was reported more often by people who developed Kaposi's sarcoma than by those who did not (table 1) . This difference was significant only for nonspecific urethritis (odds ratio (OR) = 1.96, 95 percent confidence interval (CI) 1.00-3.86).
The median number of casual sexual partners was nonsignificantly higher in people who developed Kaposi's sarcoma than in controls. In period 1, cases had a median of 52 partners compared with 50 in controls (p = 0.43, Wilcoxon rank sum test). In periods 2 and 3, cases had medians of 24 and 12 partners, respectively, compared with 20 and 10 in controls (p = 0.18 andp = 0.95, respectively).
In the period prior to diagnosis of HTV infection, people with Kaposi's sarcoma were more likely to report a range of sexual practices with casual partners (table 2), although there was no relation with frequency of any of these contacts with casual partners (data not shown). The relation with these practices was not present with regular partners. The only sexual practice significantly related to risk of Kaposi's sarcoma at the 0.05 level was insertive oroanal contact with casual partners in period one (OR = 2.6, 95 percent CI 1.3-5.3) (table 3). This relation was not significant for periods two or three (after HTV diagnosis) or when sex only with regular partners was considered for any period or for receptive oroanal contact. There was no relation to frequency of insertive oroanal contact. Men who reported one insertive oroanal contact per month with casual partners were at significantly increased risk of Kaposi's sarcoma relative to those who never reported this practice (OR = 3.2, 95 percent CI 1.1-9.2). Men who reported two to five and six or more insertive oroanal contacts per month with casual partners had a nonsignificantly increased risk of Kaposi's sarcoma (OR = 3.1, 95 percent CI 0.9-11, and OR = 1.8, 95 percent CI 0.6-5.7, respectively). Odds ratios for the association of Kaposi's sarcoma with insertive oroanal contact in period one were elevated both for men who had Kaposi's sarcoma at time of interview (OR = 3.0, 95 percent CI 1.3-6.9) and for men who developed Kaposi's sarcoma at a later date (OR = 2*.3, 95 percent CI 1.0-5.2).
A multivariate analysis adjusting for all sexual behaviors was not practical because of very close correlation between the insertive and receptive forms of orogenital and oroanal sexual contact. For this reason, insertive orogenital sex and receptive oroanal sex were excluded from the final model. When the remaining sexual practices were included in the multivariate analysis, the relation between insertive oroanal contact and risk of Kaposi's sarcoma was significant in period one (OR = 3.20, 95 percent CI 1.40-7.33), but not in period two (OR = 1.04, 95 percent CI 0.23-4.78, table 4). For period three, sexual activities with casual partners were reported too infrequently to permit multivariate analysis. The relation was present for insertive oroanal contact over the entire time period. Selfreporting of receptive orogenital intercourse during period two was also significantly related to risk of Kaposi's sarcoma (OR = 2.47, 95 percent CI 1.21-5.05). Adjustment for history of sexually transmitted diseases and year of presumed HTV infection made no substantial differences to these results. 
DISCUSSION
We have found that people with AIDS who reported insertive oroanal contact with casual partners before they became aware of their HTV infection had a higher risk of developing Kaposi's sarcoma than did people who did not report this sexual activity in the corresponding time period. No other sexual practice in any time period was significantly associated with the risk of Kaposi's sarcoma in univariate analyses, although all sexual practices with casual partners were reported more often by people who developed Kaposi's sarcoma than by controls. In the multivariate analysis, receptive orogenital sex in period 2 was significantly associated with Kaposi's sarcoma risk. It is possible that receptive orogenital sex may also be a mechanism of fecal-oral transmission in homosexual males. Sexually transmissible diseases were also reported more often by people who developed Kaposi's sarcoma.
It appears unlikely that biases introduced by the study design could explain these findings. Although the study included only 31 percent of people who developed AIDS in Sydney during the study period, participants did not differ from nonparticipants with respect to age or proportion with Kaposi's sarcoma at diagnosis of AIDS. They were, however, more likely to report homosexual contact, probably reflecting higher levels of participation in recruitment by doctors working at the center of the AIDS epidemic in central Sydney compared with elsewhere in Sydney, where AIDS is less exclusively a disease of homosexual men. If some of the participants first developed Kaposi's sarcoma after the end of the study period, the observed associations between sexual practices and Kaposi's sarcoma would have been weaker than the true ones. It is also unlikely that either interviewer or subject recall bias can explain the observed relation. The interviewer was unaware of the primary hypothesis, and an association between oroanal contact and risk of Kaposi's sarcoma was present both in people who had Kaposi's sarcoma at interview and in those who did not, but who developed Kaposi's sarcoma at a later date. Finally, although sexual practices among homosexual men have changed rapidly since the onset of the AIDS epidemic (14) , differences in time of HTV infection or diagnosis between cases and controls are unlikely to have confounded any relation between Kaposi's sarcoma risk and sexual behavior. There were negligible differences in the dates of HTV diagnosis and dates of HTV infection between the two groups, and adjusting for these variables in the multivariate analyses did not affect the results. If such confounding were present, the most strongly affected activity would probably have been anal intercourse, which is recognized as transmitting HTV, rather than oroanal sexual contact, which has been classified in Australia as being a low-risk activity for HTV infection. The specificity of the relation between Kaposi's sarcoma and insertive oroanal sexual contact would seem to make confounding by time of HTV infection or diagnosis a very unlikely explanation. The lack of a dose response relation with insertive oroanal contact was not surprising given the nature of the exposure data collected. The minimum level of exposure recorded was "about once per month." This would be equivalent to more than 70 contacts in cases and controls in period 1.
Given that the reported frequency of KSHV infection in homosexual men based on serologic tests has been estimated at between 15 and 30 percent (4, 15) , it may be that having only one contact per month may confer near maximal risk of infection with KSHV. There are a number of possible reasons for the apparent absence of a relation between Kaposi's sarcoma and insertive oroanal contact in some previous studies. First, sexual behavior in homosexual men in the 1980s was changing very rapidly (14) , so surveys that were based on current sexual behavior in this period may not have elicited responses that sufficiently reflected past behavior. Second, individual sexual behavior may have been influenced by a diagnosis of HTV and AIDS, so current sexual behavior of individuals with HTV or AIDS may not have reflected sexual behavior in the relevant period. Third, some previous studies did not distinguish sex with casual partners, which is likely to be more strongly related to risk of a sexually transmissible agent, from sex with regular partners. In other words, some previous studies that have not found a relation between Kaposi's sarcoma and oroanal contact may not have measured casual sexual contact with sufficient precision because they were not specifically designed to investigate this hypothesis. We have located five published studies that did not find a significant relation between Kaposi's sarcoma and oroanal sexual contact (table 5) . Two of these were cohort studies of homosexual men and measured oroanal sexual contact in a short period prior to enrollment in the mid-1980s (11, 12) . Both found nonsignificant positive relations between insertive oroanal contact and risk of Kaposi's sarcoma. Of the three other negative studies, one measured sexual contact by a self-administered questionnaire after study enrollment in the mid 1980s (9) , and in another, there were extremely low recorded levels of oroanal sexual contact compared with other published studies (8) . The remaining negative study did collect data for a longer period (2 years), but did not distinguish between sexual practices in different periods (10). Studies that found a positive relation either asked about sexual contact over a longer period before diagnosis (5, 7) or involved interviews before risk factors for HTV infection had been identified (6), prior to large-scale behavior change among homosexual men. Choice of controls has not been consistent in these studies. Overall, three studies included Kaposi's sarcoma diagnosed after a diagnosis of AIDS among the cases, whereas five included Kaposi's sarcoma diagnosed after AIDS in the control group. We conclude from these data that the majority of studies of sexual behavior and risk of Kaposi's sarcoma that have been able to measure sexual contact with casual partners in a representative period prior to symptomatic HTV disease have found a relation between insertive oroanal contact and risk of Kaposi's sarcoma.
There is no direct microbiologic evidence that KSHV is fecally transmitted. The only published report that has looked for DNA sequences of the virus in feces did not find it in 18 patients with AIDSassociated Kaposi's sarcoma (16) , although another study found the agent in 46 percent of rectal biopsies of HIV-positive persons with gastrointestinal symptoms (17) . Our finding provides strong support for further research directed toward the identification of this agent in feces and in the cells of the lower intestinal tract. Recent reports of the culture of KSHV (18) should allow a biologic approach to defining the means of transmission of this virus in the near future. In the meantime, from a public health perspective, insertive oroanal sex carries a risk of infection with enteric organisms. Our findings lend support to the recommendation that this practice may be risky in people with HTV infection.
